This study followed the effect of salicylic acid on growth criteria, photosynthetic pigments, photosynthesis, respiration, proline and the activities of some antioxidant enzymes of stressed Scenedesmus obliquus cultured for 7 days.
Introduction
Salinity is considered the main problem in many countries. Thus, salinity is a limiting environmental factor for plant production, and is becoming more prevalent as the intensity of agriculture increases. Salinity and drought stress can reduce plant growth and alter ionic relations by ionic and osmotic effects (Tarakcioglu and Inal, 2002) , and oxidative stress (Borsani et al., 2001 ). The response of fresh water algae to salinity differs from one type to anther. Consequently, the growth of Chlorella vulgaris, Scenedesmus obliquus, Ankistrodesmus falactus, Ulothrix implexa, Ulotheix subflaccida and Enteromorpha bublosa algae were significantly decreased under higher levels of salinity (Whittington and Biosson,1994 and Desouky; 1995) .
Generally, salinity was inhibited to the biosynthesis of photosynthetic pigments in higher plants and some fresh water algae (Czerans, 1978 and Desouky, 1995) .
Photosynthesis, a key metabolic pathway in plants, is a target for salt stress. Thus, photosynthesis is considered the main vital process in the higher plants and algae. The photosynthesis process plays an important role in the building and production of many raw materials. The photosynthesis was inhibited under unfavorable conditions. In this respect, some workers found that, oxygen evolution was gradually inhibited as increasing NaCl concentration in the medium (Desouky, 1995 and Koyro, 2005) .
Respiration in plants and green algae have been intensively studied by many investigators (Lloyed, 1974; Kremer, 1981 and Desouky, 1995) .In this context, some workers found that the respiration rate in some plant species, were higher when subjected to moderate and higher salinization treatments (Lambers1979, 1980).
The contents of free amino acids were also found to be affected by salinity and/or water deficit. In this respect some other investigators working with some plant types found that the contents of amino acids were considerably decreased with higher salinization treatments (Desouky, 1995 and Desouky,2003 a&b) .
Proline in particular, is broadly involved in the process of osmoregulation. The accumulation of proline under salt stress is a common phenomenon ( Cusido et al. 1987) .In The typical first response of all plants and green algae to salt stress is osmotic adjustment. Accumulation of compatible solutes in the cytoplasm is considered a mechanism contributing to salt tolerance (Jalell et al, 2007a) . To control salt stress, plants increase the osmotic potential of their cells by synthesizing and accumulating compatible osmolytes such as proline and glycine betaine (GB), which participates in osmotic adjustment ( Jalell et al, 2007 b ) .
Small amounts of salicylic acid are known to be present in plants. Salicylic acid (SA) plays an important role in abiotic stress tolerance, and considerable interests have focused on SA due to its ability to induce a protective effect on plants under stress. Salicylic acid (SA) is considered as a hormone-like substance, which plays an important role in the regulation of plant growth and development, glycolysis process, (Klessig and Malamy, 1994) . Ion uptake and transport, photosynthetic rate, stomatal conductance and transpiration could also be affected by SA application (Khan et al., 2003) .Thus, the role of the SA in defense mechanisms under both biotic and abiotic stresses suggests that it also alleviates the salt stress in plants (Tissa et al., 2000) . Also, exogenous added to SA could regulate the activities of antioxidant enzymes and increase plant tolerance to the abiotic stress (Hu et al., 2002) .
In this respect, salicylic acid has qualified as a plant growth regulators due to its physiological and biological roles in plants (Raskin, 1992) . SA has been suggested as signal transducer or messenger under stress conditions (Klessig and Malamy, 1994) . However, the role of exogenously applied SA under salt stress on the photosynthetic pigments, membrane permeability and mineral uptake of plant are not still clear or lacks information. Extensive studies have been undertaken to elucidate the molecular biology of SA-induced systemic acquired resistance (Raskin, 1992; Levin et al., 1994; Mur et al., 1996) . However, the physiological and biochemical basis for this phenomenon and the mechanism of signal regulation of plant resistance induced by SA are not still well known (Senaratna et al., 2000; Shakirova et al., 2003) .
Under oxidative stress conditions such as salinity, drought and low or high temperature, plants produce active oxygen species, which are harmful to plant growth due to their detrimental effects on the subcellular components and metabolism of the plant, leading to the oxidative destruction of cells. When plants are subjected to saline conditions, such biochemical changes occur as production of reactive oxygen species (ROS) like superoxide, hydrogen peroxide and hydroxyl radicals (Dat et al., 2000) . In order to avoid the harmful effects of these reactive oxygen species (ROS), plants evolved an effective scavenging system composed of non-enzymatic antioxidants (carotenoids, ascorbate, tocopherol), and enzymatic antioxidants, such as catalase (CAT) and ascorbate peroxidase (APX). The results of most studies suggest that the resistance to salt stress is usually correlated with a more efficient antioxidative system (Gossett et al., 1996 and Gueta-Dahan et al., 1997) . The enzymatic action of ascorbate peroxidase (APX) reduces H 2 O 2 using the ascorbate as an electron donor. Catalase (CAT) is also implicated in removal of H 2 O 2 . Salinity induced production of reactive oxygen species (ROS) disturbs the cellular redox system in favor of oxidized forms, and thereby creating an oxidative stress that can damage DNA, inactivate enzymes and cause lipid peroxidation (Smirnoff, 1993) .
This study aim to elucidate the role of some external addition of salicylic acid to alleviate the counteract of the adverse effect of salinity stress on growth parameter, photosynthesis, respiration, proline and some antioxidant enzymes system of Scenedesmus obliquus cultures.
Materials And Methods

Tested alga:
Scenedesmus obliquus was collected from the River Nile and was used as a test organism. Beijerinck's nutritive medium was used as a nutritive medium for enrichment and growth of the tested alga, (Stein, 1966) .
Treatments:
Scenedesmus obliquus cultures were subjected to level of 200 mM NaCl and 011, 911 and 900 ppm of salicylic acid for 7 days. The control cultures (00) NaCl and (00) salicylic acid was left without any treatments.
Analytical Methods:
1-Determination of cell number:
Haemocytometer, (0.1mm depth) having improved Naubuer ruling was used. One drop of the algal suspension was pipetted on the slide, Covered and left for two minutes for alga setting. The mean counts of three replicates were taken into consideration and the results measured as cells ml -1 alga1 suspension.
2-Determination of dry weight:
A definite volume (100 ml) of algae suspension was filtered through weighed glass fiber filter. The cells after being precipitated on the filter were washed twice with distilled water and dried over night in an oven at 105 o C. The data were expressed as µg ml -1 algal suspension.
3-Determination of photosynthetic pigments:
The pigment fractions (µg m1 -1 algal suspension) chlorophyll a, chlorophyll b and carotenoids were calculated using the equations mentioned by Metzner et al., 
-Oxygen evolution:
Oxygen evolution was measured by using the oxygen electrode model 97.08 as mentioned by Lessler et al., (1956) . The data of oxygen evolution were calculated as µ mole O 2 ml -1 algal suspension hr -1
.
5-Oxygen uptake:
The dark respiration was determined using oxygen uptake in the dark as an indicator. The system mentioned above was used for the determination of dark respiration. At the end of oxygen evolution measurements, all the lights were switched off and the flasks were wrapped tightly in aluminum foil for complete darkness. The results of oxygen uptake were calculated as μ mole O 2 ml -1 algal suspension.
6-Proline:
It was determined according to Bates et al, (1973) methods. The results of proline contents were calculated (µg mg -1 dry weight).
7-Other free amino acids:
Free amino acids were extracted from fresh water algal suspension and calorimetrically determined using the method of Moore and Stein (1948) . The free amino acid contents are calculated as μg mg -1 dry weight).
8-Determination of Lipid peroxidation as Malondialdehyde (MDA):
It was measured in termed Malondialdehyde (MDA). The level of lipid peroxidation in the plant tissue was quantified by determination of malondialdehyde (MDA) spectrophotometrically as described by Zaho et al., (1994) , a breakdown product of lipid peroxidation. MDA content was determined with thiobarbituric acid reaction. A known volume (200 mls.) of the algal suspension was centerfiugated at 10,000g for 10 min., the cells were homogenized in 5 mls. of 0.1% from TCA (w/v). The homogenate was spun at 10,000g for 5 min. Four mils buffer solutions using 20% (w/v) trichloroacetic (TCA) acid containing 0.5% (w/v) thiobarbituric acid added to 3 mils aliquot of the supernatant. The mixture was crushed with sand and put in water path at 95°C for 15 min and cooled immediately, and the absorption of the supernatant was read at 532 nm. The value of Malondialdehyde (MDA) was calculated from the absorption at 600 nm. The concentration of Malondialdehyde (MDA) was calculated using the extinction coefficient of 155 mmol 1 l 1 cm 1 .
9-Peroxidase activity:
It was determined spectrophotometrically according to the method Adam et al., (1995) . The assay medium contained 1.5 ml of (100 mM K-phosphate buffer) at pH 5.5, 100 µ l 
11-Statistical method:
Four replicates were used in this study and the data were statistically analyzed to calculate the Least Significant Difference (L.S.D) according to Snedecor and Cochran (1980) .
Results
The results of this study revealed the effect of exogenously additives of salicylic acid on growth criteria, the activities of some metabolic and antioxidant enzymes of sensitive Scenedesmus obliquus cultures for 7days.
The growth criteria (cell number and dry weight) of non salinized Scenedesmus obliquus cultures were significantly increased, when the algal cells were treated with 100 and 200 ppm SA. Under higher level of 200 mM NaCl and 400 ppm of SA, the growth parameters (cell number and dry weight) were significantly decreased. Similarly, when Scenedesmus obliquus cultures were subjected to 200 mM NaCl only, the growth parameters were significantly declined (Table, 1 ).
On the other hand, Scenedesmus obliquus cultures subjected to 200 mM NaCl and treated with different levels of (100and 200 ppm) of SA, the growth criteria were significantly increased. However, the growth parameters were significantly declined, when the algal cells subjected to 200 mM NaCl and treated with 400 ppm of SA. All of these results are compared with that of the control cultures (Table, 1 ).
The photosynthetic pigments of non salinized Scenedesmus obliquus cultures were significantly increased when the Scenedesmus cells treated with various levels of (100, 200 and 400 ppm) of SA only. Similarly, when Scenedesmus obliquus cultures subjected to 200 mM NaCl, the photosynthetic pigments were significantly declined. Also, the photosynthetic pigments of salinized Scenedesmus obliquus cultures were significantly increased, than that of the control cultures, when the algal cells subjected to 200 mM NaCl and treated with levels (100 and 200 ppm) of SA. All these results were compared with that of the control cultures (Table, 2 ).
The photosynthesis rate (Oxygen evolution) of non-salinized Scenedesmus obliquus cultures were significantly increased up to the level 200 ppm of SA. Under relatively higher level of 400 ppm SA, these contents were significantly decreased.
On other hand, Oxygen evolution of salinized Scenedesmus obliquus cultures was increased , when the algal cell subjected to 200 mM NaCl and treated with the levels ( 100 and 200 ppm ) of SA.All of these results are compared with that of the control cultures (Table,3 ).
The respiration rate of non-salinized Scenedesmus obliquus cultures was significantly decreased.
On the other side, the respiration rate of salinized Scenedesmus obliquus cultures were significantly decreased, when Scenedesmus cells were subjected to a level of 200 mM of NaCl and treated with various levels (100, 200 and 400ppm) of SA. All of these results are compared with that of the control cultures (Table, 3 ).
Proline contents of non-salinized Scenedesmus obliquus cultures were significantly increased. Thus the maximum values of proline contents were 370 % compared to that of the control cultures, when the algal cells were treated with 400 ppm of SA only. Also, the minimum values reached to 236 %, when the algal cultures were treated with 200 ppm of SA.
Also, the proline contents were significantly increased, when Scenedesmus obliquus cultures were subjected to 200 mM NaCl, when compared with that of the control cultures .However, when Scenedesmus obliquus cultures are subjected to 200 mM NaCl and treated with various levels (100, 200 and 400μ M) of SA the proline contents were significantly decreased, in quantities more than that of the control cultures. All of these results are compared with that of the control cultures (Table,  4 On the other hand, amino acid contents of salinized Scensdesmus obliquus cultured were significantly increased, when the algal cultures were subjected to 200 mM NaCl and treated to different levels (100, 200 ppm ) of SA. Thus, the maximum values of amino acids reached 317 %. All of these results are compared with that of the control cultures (Table, 4 ).
Lipid peroxidation is calculated as malondialdehyde (MDA) and peroxidase of non-salinized Scenedesmus obliquus cultures was significantly decreased. However, both lipid peroxidation as malondialdehyde (MDA) and peroxidase were significantly increased, when the algal cells subjected to 200 mMNaCl and treated with different levels (100,200 and 400 ppm) of SA (Fig., 1) .
On the other hand, catalase activity was significantly increased when the algal cultures subbjrcted to 200 mM NaCl of treated with various levels of SA (Fig.1). .
Discussion
This study elucidated the interactive effects between NaCl and salicylic acid on the growth parameters, photosynthetic pigments, photosynthesis, respiration, some metabolic and antioxidant enzymes activities of sensitive Scenedesmus obliquus cultured for 7 days.
The growth criteria (cell number and dry weight) of non salinized Scenedesmus obliquus cultures were significantly increased, than that of the control cultures, when the algal cells were treated with 100 and 200 ppm of SA. While, under higher relatively level 400 ppm of SA, the growth parameters were significantly decreased. These results matches with those of , Aydin Gunes et al, (2007) who were working with Zea mays L plants reported that, the growth and dried plant yield significantly increased, when treatmented with various levels of SA (0, 0.1, 0.5 and 1.0 mM). Also, SA treatments alleviated the deleterious effects of salinity on plant growth.
On the other hand, Scenedesmus obliquus cultures subjected to 200 mM NaCl and treated with different levels of (100and 200 ppm) of SA, the growth criteria were significantly increased. In this context, Coronado et al. (1998) reported that aqueous solutions of SA as a spray to shoots of soybean significantly increased the growth of shoots and roots in either greenhouse or field conditions. Recently,Some other workers reported that SA treated wheat plants showed higher dry mass compared to those of untreated seedlings under water stress (Shakirova et al. (2003) and Singh and Usha (2003) . Also, increases in dry matter of salt stressed plants in response to SA may be related to the induction of antioxidant response and protective role of membranes that increase the tolerance of plant to damage (Shakirova et al. (2003) .
However, the growth parameters were significantly decreased, when the algal cells were subjected to 200 mM NaCl and treated with 400 ppm of SA. All of these results were compared with the control cultures. These results are in agreement with the results obtained by Janda et al. (1999) who found that pretreatment of maize seedlings with 0.5 mM SA cause a decrease in growth criteria and photosynthesis. Also, salinity caused decrease in maize plant growth significantly.
The photosynthetic pigments of non-salinized Scenedesmus obliquus cultures were significantly increased, when the algal cells treated with various levels (100, 200 and 400 ppm) of SA only. However, when Scenedesmus obliquus cultures were subjected to 200 mM NaCl, the photosynthetic pigments were significantly decreased. Also, the photosynthetic pigments of salinized Scenedesmus obliquus cultures were significantly increased, when compared with the control cultures, when the algal cells were subjected to 200 mM NaCl and treated with levels (100 and 200 ppm) of SA.
The photosynthesis rate (Oxygen evolution) of non-salinized Scenedesmus obliquus cultures were significantly increased in presence of 200 ppm of SA. Under relatively higher level of 400 ppm from SA, these contents were significantly decreased. Also, Pancheva et al. (1996) reported that, the decrease in photosynthesis rate in barley might due to the effect of SA on the enzyme activity of Rubisco.
On other hand, Oxygen evolution of salinized Scenedesmus obliquus cultures was increased , when the algal cell subjected to 200 mM NaCl and treated with the levels ( 100 and 200 ppm ) of SA. These results are in agreement with the results obtained by; Czerpak et al. (2002) who found that SA at lower level of 100 µM in Chlorella cultures a significantly increased cell number and protein content. The same authors found that the exogenously added of SA at a level of 100 µM stimulates the biosynthesis of chlorophyll" a" and carotenoids. Shakirova et al. (2003) concluded that the increase in growth of the treated wheat with 50 µM SA may be due to the effect of SA in cell division of merited cells causing an increase in the growth and productivity of plant.
The respiration rate of non-salinized Scenedesmus obliquus cultures was significantly lowered.
The respiration rate of salinized Scenedesmus obliquus cultures were significantly lowered , when the algal cells were subjected to 200 mM of NaCl and treated with levels (100, 200 and 400ppm) of SA.
Proline contents of non-salinized Scenedesmus obliquus cultures were significantly increased. Thus the maximum values of proline contents were, when the algal cells were treated with 400 ppm of SA only.
The accumulation of proline in plant cell indicates that the plant cell suffered from increased stress. So, proline contents were significantly increased, when Scenedesmus obliquus cultures subjected onl to 200 mM NaCl used only. However, when Scenedesmus obliquus cultures subjected to 200 mM NaCl and treated with various levels (100, 200 and 400μ M) of SA proline contents were significantly decreased , in amounts more than that of the control cultures.
In this context, osmotic stress induced a strong accumulation of proline (Gibon et al., 2000) . Proline accumulation could be used as an evaluation of tolerance or sensitivity of plants to stresses (Tal et al., 1979 and Alia and Mohanty, 1991) .In this respect, Singh et al. (1972) found a relationship between the magnitude of water stress on plants and proline accumulation as an index of osmotic resistance in barley. They also added that the higher the potential for proline accumulation the greater resistance of plants to drought.
Amino acid contents of non-salinized Scenedesmus obliquus cultures were significantly increased in a level of 200 ppm of SA only. However, under high level (400 ppm) of SA, the values of amino acid contents were significantly decreased.
On the other hand, amino acid contents of salinized Scensdesmus obliquus cultured were significantly increased, when the algal cultures were subjected to 200 mM NaCl and treated with different levels (100, 200 ppm ) of SA. Also, these results are in agreement with many recent investigations (Tammam, 2003; Khodary, 2004) Lipid peroxidation is calculated as malondialdehyde (MDA) and peroxidase of non-salinized Scenedesmus obliquus cultures was significantly lowered. However, both lipid peroxidation and peroxidase were significantly increased, when the algal cells subjected to 200 mMNaCl and treated with different levels of (100,200 and 400 ppm) of SA .
On the other hand, catalase activity was significantly increased when the algal cultures subjected to 200 mM NaCl of treated in presence of various levels of SA. 
